The dangerous nexus of climate change, rapid population growth, and conflict has pushed several poor regions of the worldnotably in rural areas of the Sahel, the Horn, and the Great Lakes regions of Africa-into states of seemingly permanent crisis (Fig. 1) . The distinction between short-run humanitarian response and development assistance aimed at longer-run outcomes has grown increasingly blurred in such places. This disturbing state of affairs, along with social scientists' expanded knowledge of the intimate interactions between short-term shocks and long-run economic development, has catalyzed widespread interest in building "development resilience," which has quickly become a centerpiece of many humanitarian and development organizations' programming.
But whereas a social science theory of development resilience and related measurement methods have recently emerged (1, 2), our empirical understanding of development resilience in developing countries remains remarkably limited, primarily because of data shortcomings. Given the hundreds of millions of dollars now being allocated to humanitarian assistance and development programs aimed expressly at building resilience, the time has come to invest in a more systematic approach to collecting data through a multicountry system of high-frequency, long-term sentinel sites in the world's most vulnerable (and largely rural) regions.
The benefits of such a system would be substantial. At an operational level, it would offer the first truly rigorous means of monitoring development resilience in the world's most volatile places. Better data would also improve the targeting of resources to achieve greatest impact (3). On a scientific level, such a system would establish a platform for rigorous diagnosis of the underlying determinants of development resilience, for groundbreaking interdisciplinary and comparative research on a wide range of topics, and for designing and evaluating appropriate resilience-building interventions and strategies.
Sentinel Sites
High-frequency, long-term sentinel sites have successful precedents in other fields. In the United States, the Long Term Ecological Research Network has surveyed 26 different sentinel sites since 1980 (4), and generated unprecedented streams of knowledge and research. In Bangladesh, Helen Keller International pioneered Nutrition Surveillance Programs (NSP), which involved surveying villages six times per year from 1990 to 2005 for the specific purpose of gauging the impacts of floods and other shocks on nutrition and health outcomes (5). Our proposal is similar in scope and ambition to these and other precedents, but will inevitably involve surmounting several challenges.
One such challenge concerns the proliferation of large-scale secondary data sources from developing countries, including economic, health and nutrition surveys, as well as more sophisticated early warning systems. These are important advances. However, they do little to specifically inform our ability to monitor and understand resilience. Why? Because development resilience concerns the determinants of human wellbeing measured in the face of risks emerging from the dynamics of complex social-environmental systems (2) . If one cares about dynamic responses to unanticipated shocks, occasional household surveys conducted every few years become largely irrelevant. Early warning systems offer more frequent and timely data collection, but those data are largely confined to climatic and food price indicators, and rarely offer systematic, direct measures of human well-being or behavior. Measuring and understanding resilience, therefore, requires something new: multipurpose household surveys at high frequency, at scale, and sustained over periods of many years.
The second challenge is the substantial expense of such a system. Given the vast sums being spent on interventions aimed at building development resilience, the comparatively modest costs of establishing and maintaining a network of sentinel sites seems a wise investment. The NSP in Bangladesh cost around US$1 million a year, although this nationally representative program surveyed a large number of villages six times per year. A less ambitious system for other countries would bring costs down.
Setting Priorities
The financial feasibility of such a system motivates us to identify which countries merit highest priority for sentinel sites, as
Only this kind of long-term, cooperative commitment to highfrequency and highquality monitoring and evaluation can provide a rigorous scientific basis to improve interventions.
well as more cost-effective survey designs (6). For the former task, we use five indicatorschild stunting, wasting and infant mortality rates, exposure to disasters, and past emergency assistance levels from the international community-to identify 11 "extremely vulnerable" and 16 "highly vulnerable" countries (Table 1) . Both lists are, unsurprisingly, heavily dominated by countries in subSaharan Africa, suggesting that this region would greatly benefit from more extensive coverage.
Several important nuances in this coarse identification scheme merit mention. First, although most of these countries are failed or fragile states with limited technical capacity, many international organizations nevertheless have a permanent presence in these settings (particularly the United Nations' World Food Program). Second, decisions on exactly where to implement sentinel sites will require more detailed subnational data and analysis. We acknowledge that past experience may imperfectly predict exposure to future shocks, and that countries that do not appear particularly vulnerable in aggregate may have regions that are highly exposed to shocks, such as the more arid parts of Kenya, Nigeria, and India. Indeed, sentinel sites need not be nationally representative in any of these countries, but could instead be targeted toward particularly vulnerable regions.
Third, the choice of specific sentinel sites should not only be motivated by vulnerability, but also by the need to strategically sample different physical, economic, and sociopolitical environments. This would enable both researchers and practitioners to make comparisons within and across different livelihood systems (such as across different pastoralist areas of Africa, or across the ruralurban divide), and to conduct more insightful evaluations of program impacts and processes based on rigorous characterization work.
A second means of keeping costs down is to adopt innovative approaches to survey design, as described in ref. 6 . This could entail survey designs that mix panel and repeated cross-section elements; that use "thin" data collection rounds between "thick" data-intensive rounds to more frequently collect only the subset of indicators likely to vary significantly over time (for example, shock-sensitive leading indicators that could inform early warning systems); and using information and communications technologies to more cheaply and more quickly survey remote rural areas.
Careful Coordination
Finally, a major challenge in implementing this kind of approach concerns coordination. The principal advantage of a sentinel system is that it benefits a wide range of institutions and purposes. Because the costs of a longterm commitment to a multicountry network of sentinel surveys would exceed the means of any single agency, this network will require a relatively broad, multinational consortium of partners. This could consistent of bilateral donors and foundations, multilateral organizations, national and subnational governments, major international nongovernment organizations, and leading international academic institutions. This consortium must first rigorously identify which countries and regions most need sentinel sites. Table 1 offers a starting point for such negotiations.
The consortium should then establish partnerships with national governments, and secure solid commitments to long-term development resilience monitoring and domestic capacity building. With these essential commitments in place, the consortium would then need to identify implementing partners with a permanent presence on the ground, as well as the multidisciplinary technical and practical expertise of international organizations for the purposes of coordinated survey design. And over the longer term, this system The most vulnerable countries according to five indicators: child stunting, wasting and infant mortality, exposure to natural disasters, and dependence on emergency assistance. These variables are not very highly correlated (6) . Extremely (or highly) vulnerable countries are among the world's 30 worst in at least four (or three) indicators. See ref. 6 for details on the underlying data sources and methods. must institutionalize and fund not only data collection, but also local analysis and research using these data, because lack of analysis has been the Achilles heel of many analogous systems in the past (5) .
Ultimately, we believe that only this kind of long-term, cooperative commitment to high-frequency and high-quality monitoring and evaluation can provide a rigorous scientific basis to improve interventions intended to build development resilience. In any increasingly volatile world, good data are essential. Such data will help the global community build development resilience and eliminate hunger, extreme poverty, and vulnerability in the generation ahead.
